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(54) Matched filter circuit 

(57) The present invention has an object to provide 
a matched filter circuit which is possible to synchronize 
a spreading code with an input signal. A matched filter 
according to the present invention samples input signal 
in response to three clocks from the first to the third 

Fig.l 



shifted by a half cycle of a sampling signal so as to 
judge whether the sampling clock is ahead or behind of 
the input signal according to signs of input signal sam- 
pled. One dock is selected to be the sampling clock. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a matched filter circuit for a spread spectrum communication system of mobile and 
personal radio and a wireless LAN, especially to a matched fitter which is capable of high speed processing by a LSI of 
small size with reduced power consumption. 

BACKGROUND OF THE INVENTION 



A matched fitter is a filter for judging the identification of two signals. In the spread spectrum communication, unique 
spreading code sequences are allocated to users. Each user finds a signal transmitted for the user by a matched filter 
to which one spreading code sequence is applied. The matched fitter outputs correlation peak when the signal is the 
user's for a aquisition and holding. 
is Assuming a spreading code to be PNG), a tip time to be Tc, a spreading ratio to be M, a time to be (t), an input signal 
on a time t to be S(t) and a correlational output signal on a time t to be R(t), the formula (1) can be obtained. 

M-1 

R(t)= £ PN(i)-S(t-i-Tc) . (1) 

20 1.0 



Here, PN(i) is a 1 bit data sequence. 

S(t-i * Tc) is a value performed sampling by a chip time. When a synchronictty of an input signal and sampling clock 
25 is not enough, each level of S(t-i • Tc) is low and consequently an output level of R(t) becomes low. It causes low accu- 
racy of a peak detection. 

As double or higher order of sampling is necessary for the acquisition, the calculation of the formula (1) is per- 
formed in a plurality of systems at the same time using a plurality of matched filters and the calculation results are 
added. In order to realize such "a matched filter system" (a combination of a plurality of matched filters and other circuits 
30 is represented by this expression), a digital circuit or a SAW (Surface Acoustic Wave) device was conventionally used. 
However, when using a digital circuit the electric power consumption was large because the size of a circuit was large, 
therefore, it was not appropriate to a mobile communication. When using a SAW element, it was not easy to realize a 
whole circuit by a LSI device and the S/N ratio was low. 

Since the spreading code is 1 bit string, the inventors propose a matched filter, in the Japanese patent application 
35 No. 7-212438, of high-speed processing with a small size and low power consumption LSI by the processing's that i) 
sampling and holding input signals as analog signals of time series, ii) branching out them into the signal groups of "1 " 
and by a multiplexer, and iii) adding the signals in each groups in parallel by a capacitive coupling. 

However, any solution is not clearly shown concerning to the synchronism of an input signal and a sampling clock 
in the above application. 

40 

SUMMARY OF THE INVENTION 

The present invention solves the above problem and has an object to provide a matched filter circuit which is pos- 
sible to synchronize a spreading code with an input signal. 
45 A matched filter according to the present invention samples input signal in response to three clocks from the first to 
the third shifted by a half cycle of a sampling signal so as to judge whether the sampling clock is ahead or behind of the 
input signal according to signs of input signal sampled. One clock is selected to be the sampling clock. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Fig. 1 shows a block diagram of a whole structure of an embodiment of the matched filter circuit according to the 
present invention. 

Fig. 2 shows a block diagram of a sampling dock generating circuit in the embodiment. 
Fig. 3 shows a phase signal generating circuit in the embodiment. 
55 Fig. 4 shows a calculation portion of a matched fitter in the embodiment. 
Fig. 5 shows the sampling and holding circuit in Fig. 4. 
Fig. 6 shows the switch in Fig. 5. 
Fig. 7 shows the multiplexer in Fig. 5. 
Fig. 8 shows the first adder in.Fig. 4. 
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Fig. 9 shows a circuit of the fifth adder in Fig. 4. 

Fig. 10 shows a circuit of the sixth adder in Fig. 4. 

Fig. 1 1 shows a circuit for generating the reference voltage. 

Fig. 12 shows a graph of the relationship between input signals and sampling docks. 

Fig. 13 shows a sampling clock generating circuit in the second embodiment. 

Fig. 14 shows a graph of outputs of a loop filter of the sampling clock generating circuit in Fig. 13. 

PREFERRED EMBODIMENT OF THE PRESENT INVENTION 

Hereinafter an embodiment of a matched filter circuit according to the present invention is described with reference 
to the attached drawings. 

In Fig. 1 , an input signal S(t) is sampled by a matched filter MF in response to a sampling clock ACLK and an output 
signal R(t) is outputted by the matched fitter MF. The sampling signal is generated by a sampling dock generating circuit 
of Fig. 2 and outputted from a phase adjusting circuit PA of the sampling dock generating circuit. A basic clock CLK of 
higher frequency than the sampling clock of a 8th period length of the sampling dock is inputted to the phase adjusting 
circuit which generates the sampling clock from the basic dock. The matched filter MF generates inside a main clock 
MCLK synchronous to the sampling clock ACLK and an inverted signal SCLK of MCLK shown in Fig. 3. The input signal 
S(t) is sampled in response to these signals MCLK and SCLK three times successively shifted by a half cycle of the 
sampling clock one after another. The phase adjusting circuit outputs signals MSE and MS representing combinations 
of signs of input signal sampled. 

In Fig. 2, a sampling dock generating circuit PHC consists of an adjusting dock generating circuit FD and a clock 
multiplexer MUX2. The FD generates successive eight different sampling docks shifted by 1/8 cycle one after another. 
The clock CLK is divided into eight short pulses for the eight sampling docks. The working cycle is divided into eight. 
The multiplexer MUX2 selectively outputs one of the eight kinds of sampling docks as ACLK. 

The signals MSE and MS are generated by a phase signal generating drcuit PSG, and the sampling clock gener- 
ating circuit PHC judges signals MSE and MS by a convergence judgment drcuit CJ. The drcuits PSG and CJ construct 
a phase judgment circuit PJ and judges the relationship between a sampling clock and an input signal. 

In Fig. 3, the circuit PSG consists of serial MOS inverters 131 and I32, and an input signal S(t) is input to the first 
inverter 131 . The 131 and I32 output a supply voltage Vdd when S(t) is a plus signal and output the ground voltage when 
it is a minus signal, that is, they generate sign signals. An output of I32 is inputted to a data input of parallel flip-flops 
FF31 and FF32. The MCLK is inputted to a dock input of FF31 and the SCLK is inputted to a FF32. The FF31 and FF32 
hold data in response to a rising of clock. When FF32 has held the sign signal of S(t), FF31 has already held the sign 
signal of S(t-Tc/2) . A data input of a flip-flop FF33 is connected to a non-inverted output Q of FF31 . and the MCLK is 
inputted to a clock input of FF33. Therefore FF33 holds a sign signal of S(t-Tc). A data input of a flip-flop FF34 is con- 
nected to a non-inverted output Q of FF32, and the MCLK is inputted to a clock input of FF34. FF34 holds a sign signal 
of S(t-Tc/2) at this point. Sign signals of input signals shifted by 1/2 cyde successively are held by FF33, FF34, FF31 
and FF32. These sign signals are expressed by SGN(t-Tc). SGN(t-Tc/2) , SGN(t) and SGN(t+Tc/2) . The non-inverted 
output Qs of the flip-flops FF33 and FF34 are connected to logical gates LG1 and LG2, respectively. The non-inverted 
outputs of FF31 and FF33 are inputted to LG1 and LG2, respectively, at the same time. LG1 and LG2 are logical gates 
of EX_OR and EXJMOR, respectively, which calculate MSE and MS by the logical operation below. 

MSE = SGN{ t) ®SGA/( f - 7c) (2) 



MS = SGN(t - y)©SGA/(r - Tc) (3) 

The formula (2) means that signs of input signals on the current cyde and the previous cycle are different, and it 
gives a prerequisite of the phase judgment When signs of input signals are successively constant, the phase judgment 
is impossible. The phase judgment is performed by the circuit CJ when MSE=1 in the formula (2). 

The formula (3) shows the difference between signs of a signal on the timing ahead by Tc/2 than S(t), and a signal 
further ahead by Tc/2. As shown in Fig. 12, when an input signal S(t) is sampled three times on the successive points 
A, B and C shifted by 1/2 cyde one after another, S(t), S(t-Tc/2) and S(t-Tc) in the formula (3) correspond to C. B and 
A, respectively. When a phase of a sampling dock is ahead of the input signal, the time length from A to the start point 
of the cycle tA is equal to or less than (Tc/2). B is included in the same cyde as A, and C is induded in the cyde different 
from A and B. When a sampling dock is behind (not shown), the time length from A to the start point of the cyde is equal 
to or more than Tc/2. B is induded in the cyde different from A, and C is induded in the same cyde as B. When 
S(t-Tc/2) and S(t-Tc) are in the same cyde, MS is 1 , and when they are in the separate cydes, MS is 0. That is, a sam- 
pling clock is ahead when MS=1 , and it is behind when MS=0. 
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The circuit CJ judges the above and inputs a signal indicating whether a sampling dock is ahead or behind to a 
control signal generating circuit SG. The control signal generating circuit SG switches the multiplexer MUX2 in response 
to the signal from CJ so that the sampling clock is delayed by 1/8 cycle when the sampling clock is ahead, and the clock 
becomes 1/8 cycle is advenced when the sampling clock is behind. The circuits FD, MUX2 and SG construct the phase 
5 adjusting circuit PA. The clock unit is not necessary to be 1/8 cycle, and neither to be constant. 

The circuit CJ judges that an input signal and a sampling clock are synchronous with each other when MS=1 and 
MS=0 are repeatedly inputted, that is, when a sampling clock is repeatedly inputted by a predetermined times (1 0 times, 
for example), it is judged that a phase adjustment is converged and the phase adjustment is not performed for a prede- 
termined period (period of several tens of symbols, for example). 
10 In Fig. 4, in the matched filter circuit MF, an input voltage S(t) is paraflelly connected to a plurality of sampling and 
holding circuits SH1, SH2, SH3, SH4, SH5 and SH6, and two types of outputs of H (high) and L (low) are generated 
from each sampling and holding circuit. A control circuit CTRL is connected to the sampling and holding circuits so as 
to control S(t)to be inputted to one of the sampling and holding circuits, successively 

The sampling and holding circuit introduces the input voltage S(t) to either H side or L side according to the control 
75 of the control circuit. A reference voltage Vr is connected by the control circuit to the other side. This route selection is 
performed according to each bit of spreading code (PN code) and a multiplication of input voltage by the code is accom- 
plished only by this selection. 

The sampling and holding circuit SH1 is structured as in Rg. 5, in which an input voltage S(t) is connected to a 
switch SW. An output of switch SW is connected to capacitance C51, and three stages of serial MOS inverters 11 , 12 
20 and 13 are connected to an output of capacitance C51 . An output of MOS inverter 13 of the last stage Vo5 is connected 
to an input of 11 through feedback capacitance C52. Consequently, an inversion of S(t) is generated at the output of 13 
with a good linearity. An output of 13 is inputted to two multiplexers MUX51 and MUX52. A common reference voltage 
Vr is connected to the multiplexers. When SW is closed, C51 is charged by an electric charge corresponding to S(t), 
and the linearity of an output is guaranteed by a feed-back function of 11 to 13. When a switch SW is opened after it, 
25 sampling and holding circuit SH1 holds S(t). 

Switch SW, multiplexers MUX51 and MUX52 are controlled by control signals S1, S2 and S3. After S1 is once 
closed, SW is opened at the timing of sampling of the input voltage. S2 and S3 are inverted signals. When one of the 
multiplexers outputs Vin5, the other outputs Vr. 

MUX51 generates an output of H (high type) above and MUX52 generates an output of L (low type). Hand L corre- 
30 spond to each bit of the spreading codes "1 " and "-1". When the code T is to be multiplied to an input voltage, Vin5 is 
outputted from MUX51 , and when the code "-1 " is to be multiplied, Vin5 is outputted from MUX52. 

The output from 13 of the last stage is connected to the ground through a grounded capacitance C53. The output 
of 12 of the second stage is connected to the supply voltage Vdd and the ground through a pair of balancing resistances 
R51 and R52. Unstable oscillations of an inverted amplifying circuit including feedback circuit is prevented by such a 
35 structure. 

As shown in Fig. 6, the switch SW includes a transistor circuit T6 in which a source and a drain of a n-type MOS 
transistor are connected to a drain and a source of a p-type MOS transistor, respectively. Vin6 is connected to a terminal 
of a drain of the nMOS of the transistor circuit and a terminal of a source of nMOS is connected to an output terminal 
Vout6 through a dummy transistor DT6 similar to the nMOS. S1 is inputted to the gate of the nMOS transistor of the 
40 transistor circuit T6, and an inverted signal of S1 by an inverter 16 is inputted to the gate of pMOS transistor. When S1 
is high level, T6 is conductive and when it is low level, T6 is cut off. 

As shown in Fig. 7, in multiplexer MUX51 , the terminal of the source of nMOS of transistor circuits T71 and T72 is 
connected to the common output terminal VourJ. An output Vo5 of the MOS inverter 13 ("Vin71 " in Fig. 7) is connected 
to a terminal of a drain of the nMOS of T71 , and the reference voltage Vr is connected to a drain of T72 ("Vin72" in Rg. 
45 7). The signal S2 is inputted to a gate of the nMOS transistor of transistor circuit T71 and gate of the pMOS transistor 
of transistor circuit T72. The signal S2 inverted by inverter 17 is inputted to gates of the pMOS of T71 and nMOS of T72. 
When S2 is high level, T71 is conductive and T72 is cut off, and when low level, T72 is conductive and T71 is cut off. 
That is, MUX51 can alternatively outputted Vo5 or Vr in response to the control signal S2. 

Though it is not shown in the figure, multiplexer MUX52 is structured similar to MUX51 and Vo5 and Vr are con- 
50 nected inversely. Vr and Vo5 of Fig. 7 are connected to T71 and T72, respectively contrary to the construction of Rg. 
7. Consequently, MUX52 outputs inversely to MUX51 ; that is, when MUX51 outputs Vo3, MUX52 outputs Vr and when 
MUX51 outputs Vr, MUX52 outputs Vo5. 

Signal S2 corresponds to spreading code and outputs 1 x S(t)=S(t) to AD41 when S2=1. At this time, S3 is "-1" 
and Vr corresponding to "0" is outputted to ADD42. When S2=-1 , Vr corresponding to "0" is outputted to ADD41 . Here. 
55 S3=+1 and outputs 1 x S(t)=S(t) to ADD42. 

The S(t-i • Tc) in the formula (1) is an input voltage held in each sampling and holding circuit, and PN(i) is the signal 
S2(spreading code) to be inputted to each sampling and holding circuit. The order of the spreading codes is predeter- 
mined corresponding to the order of input signals. When a new signal is taken, the oldest signal is substituted by the 
newest signal. It causes change in relationship between each sampling and holding circuit SH1 to SH6 and PN(i), so 
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PN(i) is shifted by the control circuit When a code shift is not performed, code transfer through successive sampling 
and holding circuits and some errors may be generated due to data transfer, ft will be understood that the code shift is 
effective to prevent the error during data transfer. 

The accumulation in formula (1) is performed in the addition portions from ADD41 to ADD46, VH and VL of output 

s voltages of each sampling and holding circuit are accumulated in ADD45 and ADD46, respectively. This accumulation 
is not performed directly. Sampling and hotting circuits are divided into a plurality of groups, outputs VH and VL are 
once accumulated in ADD41 to ADD44 by each group. All of the outputs of ADD41 and ADD43 for accumulating VH 
are inputted to ADD45, and all of the outputs of ADD42 and ADD44 for accumulating VL are inputted to ADD46. Fur- 
ther, an output of ADD45 is also inputted to ADD46. In Fig. 4, six sampling and holding circuits are shown and divided 

10 into two groups with three circuits. Generally a spreading code includes from 100 to several hundreds or more bits. 
Sampling and holing circuits are set to be an appropriate number. 

As shown in Fig. 8, the addition portion A0D41 includes a capacitive coupling CP8 constructed by capacitances 
C81 , C82 and C83 of the number equal to the number of sampling and holding circuits in one group. An output of CP8 
is connected to three serial stages of MOS inverters 181 , 182 and I83. An output of MOS inverter I83 of the last stage is 

is connected to an input of 161 through a feedback capacitance C84. An output of CP8 is generated at an output of I83 
with a good linearity. Assuming input voltages of capacitances C81 , C82 and C83 to be Vin81 , Vln82 and Vin83, an out- 
put Vout8 of I83 can be expressed by the formula (4). 

1/rtl . p C81 Wn81+C82Wn82+C83W/783 
20 Vout8a C84 (4) 

Here, Vtn81 to Vin83 and Vout8 are voltages referencing the reference voltage Vr. Also it is defined that the capacity 
ratio of capacitances of C81, C82, C83 and C84 is 1:1:1:3. A normalized output of inverted addition value can be 
25 obtained as in formula (5). 

Vbl<t8 ..V r «»81+Wiaa+W;i8a 

3 

30 

By the normalization, the maximum voltage is limited under the supply voltage. 

An output of the last stage I83 is connected to the ground through a grounded capacitance C85. An output of the 
second stage inverter I82 is connected to the supply voltage Vdd and the ground through a pair of balancing resist- 
ances R81 and R82. Unstable oscillation of inverted amplifying circuit including feedback line is prevented by the struc- 
35 ture. 

As shown in Fig. 9, the addition portion ADD45 includes a capacitive coupling CP9 which includes capacitances 
C91 and C92 of corresponding number to the number of the addition portions ADD41 and ADD43. The output of CP9 
is connected to three stages serial MOS inverters 191 . 192 and I93. An output of MOS inverter I93 of the last stage is 
connected to an input of 191 through a feedback capacitance C93. An output of CP9 is generated at an output of I93 
40 with a good linearity. Assuming input voltages of capacitances C91 and C92 to be Vin91 and Vin92, an output Vout9 of 
193 can be expressed by the formula (6). 

\m . ,* Q C91v7n91+C92l/fr792 

VoutS " C93 (6) 

45 

Here, Vin91 and V1n92 are voltages referencing the reference voltage Vr. The capacitance ratio is C91 :C92:C93=1 :1 :2. 
Then, a normalized output of an inverted addition is obtained as in formula (7). 

Vout9^ Vin9 ^ Vin9Z (7) 



By the normalization, the maximum voltage is limited under the supply voltage. 
55 An output of the last stage inverter I93 is connected to the ground through grounded capacitance C94. An output 
of the second stage inverter I92 is connected to the supply voltage Vdd and the ground through a pair of balancing 
resistances R91 and R92. The unstable oscillation of inverted amplifying circuit induing feedback line is prevented. 

As shown in Fig. 1 0, addition portion ADD46 includes capacitive coupling CP1 0 which includes capacitances C101 , 
C1 02 and C103 of the number corresponding to the number of addition portion ADD42, ADD44 and ADD45 connected 
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thereto, and an output of CP10 is connected to three stages serial MOS inverters 1101, 1102 and 1103. An output of 
MOS inverter 1103 of the last stage is connected to an input of 1101 through a feedback capacitance C104. An output 
of CP10 is generated at an output of 1103 with a good linearity. Assuming input voltages of capacitances C101, C102 
and C103 (the voltage referencing Vr) to be Vin101 , Vin102 and Vin103, an output Vout10 of 1103 (the voltage referenc- 
ing Vr) can be expressed by the formula (8) 

Vouno B . C101 W>7l0UCl02W>7l02+C103v/n103 ^ 



It is defined that the capacity ratio is C101:C102:C103:C1 04=1:1:2:2. A normalized output of inverted addition value 
can be obtained as in formula (9). 

Vbuf 10 = - ^101+^102+2^103 (9) 



Here, the weight of C1 03 is defined twice as large as C101 and C1 02 so as to cancel the influence of the normalization 
by ADD45 and to agree to unformalized V101 and V102. By the normalization, the maximum voltage is limited under 
the supply voltage. 

An output of the last stage inverter 1103 is connected to the ground through a grounded capacitance C105. An out- 
put of the second stage inverter 1102 is connected to the supply voltage Vdd and the ground through a pair of balancing 
resistances R101 and B102. The unstable oscillation of inverted amplifying circuit including feedback is prevented. 

The reference voltage Vr is generated by a reference voltage generating circuit Vref in Fig. 1 1 . The reference volt- 
age generating circuit includes three stages serial inverters 1111,1112 and 11 13, and an output of the last stage is fed 
back to the first stage input. Similarly to the inverted amplifying portions, unstable oscillation is prevented by a grounded 
capacitance C116 and balancing resistances R111 and R112. The output of the reference voltage circuit Vref con- 
verges to a stable point on which an input and output voltages are equal to each other, and any reference voltage can 
be generated by changing the threshold of each MOS inverter. Generally, in many cases, it is settled that Vr=Vdd/2 in 
order to keep dynamic range enough large in both directions of plus an minus. Here, Vdd is the supply voltage of MOS 
inverter. 

Concerning to the matched filter circuit above, the size of the circuit is largely reduced comparing with digital one 
because an addition is performed by an analog system of a capacrtive coupling, and processing speed is high because 
of parallel addition. As the inputs and outputs of the sampling and holding circuit and addition portion are all voltage 
signal, electric power consumption is low. 

The accuracy of an output of an addition portion depends on the dispersion in characteristics of MOS inverters and 
in capacity ratio of capacitances. The dispersion of inverters can be minimized by placing them closely to one another. 
The accuracy of the capacity ratio of a capacitance can be improved by dispersively connecting a plurality of unit capac- 
itances. 

The sampling clock generating circuit PHC in the embodiment above performs discrete phase adjustment, and the 
sampling clock generating circuit PHC in Fig. 13 is able to adjust successively. 

In Fig. 13, the sampling clock generating circuit PHC consists of a phase signal generating circuit PSG and a con- 
vergence judgment circuit CJ similar to those in Figs. 1 and 3. Outputs of MSE and MS of the circuit PSG are inputted 
to the circuit CJ. An output of the circuit CJ is inputted to a logical gate LG3, to which a sampling clock ACLK and a 
signal MSE are inputted. An output of the LG3 is inputted to a clock input of an up and down counter CNT The signal 
MS is inputted to up/down designating input U/D of the up and down counter CNT. A gate LG3 is an AND gate. When 
it is impossible to judge the phase, that is, MSE=0, the gate LG3 is closed. When the phase adjustment is judged to be 
convergent in the circuit CJ, the gate LG3 is closed by the output signal. The clock ACLK is inputted to the counter CNT 
when the gate is open and counted. MS shews the gaining and lateness of the phase on the point of time. The counter 
CNT performs up-counting or down-counting corresponding to MS. 

The value counted by the counter CNT is inputted to a loop filter LF as a digital output and the integration of the 
counted value by time is calculated by a voltage by the loop filter. As shown in Fig. 14, outputs of the loop filter LF 
increase or decrease according to the gaining or lateness of a phase. The loop filter LF outputs a corresponding voltage 
after smoothing an output of the counter CNT. The reference voltage of the output is Vo. An output of the loop filter LF 
is inputted to a voltage controlling oscillator VCO and the phase adjustment of the clock ACLK is performed. In VCO, 
the phase is delayed according to the difference when the voltage corresponding to the counted value is higher than the 
reference voltage Vo, and it is fastened according to the difference when the voltage is lower. Consequently, adjusted 
clock ACLK is outputted. The phase of ACLK is adjusted according to the formula (10) below. (Reference: 'SPREAD 
SPECTRUM COMMUNICATION SYSTEM m , Mitsuo YOKQYAMA, Kagaku-Gijutsu Shuppansha, 1988) 
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(10) 



fc 
K 

e(t) 



4>(t) 



a phase of a sampling clock [radian] 
time [second] 

frequency of a sampling clock [Hz] 
constant gain of VCO [radian/(second • volt)] 
input voltage [volt] 



A matched filter according to the present invention samples input signal in response to three clocks from the first to 
the third shifted by a half cycle of a sampling signal so as to judge whether the sampling clock is ahead or behind of the 
input signal according to signs of input signal sampled. One clock is selected to be the sampling clock and performs 
phase adjustment according to it Therefore, it is possible to synchronize an input signal and a sampling clock. 

Claims 

1 . A matched filter circuit comprising: 

i) a sampling portion for sampling an input signal in response to a sampling clock; 

ii) a multiplication portion for multiplying said input signal by a PN code sequence; 

iii) an accumulation portion for accumulating outputs from said multiplying portion; and 

iv) a sampling dock generating portion for generating said sampling dock which comprises; 



(a) a phase judging circuit which samples said input signal in response to successive three docks from the 
first to the third shifted by a half cycle of said sampling dock one after another so as to judge whether said 
sampling clock is ahead or behind of said input signal according to signs of said input signal sampled; and 

(b) a phase adjusting drcuit for adjusting a phase of said sampling dock according to an output of said 
phase judging drcuit. 



2. A matched filter drcuit as daimed in Claim 1 , said a phase adjusting drcuit comprising: 

0 an adjusting clock generating drcuit for generating a plurality of docks within one cycle of said input signal, 
with frequency equal to said sampling dock; 

ii) a clock multiplexer for selectively outputting one of said plurality of docks generated by said adjusting clock 
generating circuit as said sampling dock; 

iii) a dock selecting circuit for controlling and switching said dock multipliexer according to an output of said 
phase judgment circuit. 

3. A matched filter drcuit as claimed in daim 1, said phase adjusting drcuit comprising: 

i) an up-and-down counter for counting down or counting up said sampling dock according to whether said 
sampling clock is ahead or behind; 

ii) a loop filter for integrating by time said counted value of said up-and-down counter; and 

iii) a voltage control oscillator receiving an output of said loop filter. 

4. A matched filter circuit as claimed in daims 2, wherein said phase adjusting circuit judges that said phase is stable 
when said clock is alternately ahead and behind of said sampling dock and stops phase adjustment for a predeter- 
mined times period. 

5. A matched filter drcuit as daimed in claim 1 , wherein a judgment is performed by said phase judging drcuit only 
when signs of said input signal sampled by said first and third docks are different. 

6. A matched filter drcuit as daimed in claim 1 , wherein said phase judging drcuit judges that said sampling dock is 
ahead when said signs of said input signal sampled by said first and second docks are equal to each other, and 
judges that it is behind when said signs thereof are (Afferent 



7. A matched fitter circuit as daimed in daim 1 , comprising: 
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(I) a plurality of sampling and holding circuits each of which comprises; 

i) a switch connected to an input voltage. 

it) the first capacitance connected to an output of said switch, 

iii) the first inverted amplifying portion having odd number of stages of MOS inverters connected to an out- 
put of said first capacitance. 

iv) the first feedback capacitance for connecting an output of said first inverted amplifying portion to its 
input, and 

v) the first and the second multiplexers for alternatively outputting an output of said first inverted amplifying 
portion or a reference voltage; 

(II) the first addition portion which comprises; 

0 a plurality of the second capacitances corresponding to said sampling and holding circuits, to each of 
which an output of one of said sampling and holding circuits is connected, 

ii) the second inverted amplifying portion having odd number of stages of MOS inverters to which outputs 
of said second capacitances are commonly connected, 

iii) the second feedback capacitance for connecting an output of said second inverted amplifying portion 
to its input; 

(III) the second addition portion which comprises; 

i) a plurality of the third capacitances corresponding to said sampling and holding circuits, to each of which 
an output of said second multiplexer and an output of said first addition portion of each sampling and hold- 
ing circuit is connected, 

ii) a third inverted amplifying portion having odd number of stages of MOS inverters to which outputs of 
said third capacitance are commonly connected, and 

iii) the third feedback capacitance for connecting an output of said third inverted amplifying portion to its 
input; 

(IV) a subtraction portion for subtracting an output of said second addition portion from an output of said first 
addition portion, 

(V) a control circuit which closes said switch in one of said sampling and holding circuits, simultaneously opens 
other switches and switches said first and second multiplexers of each sampling and holding circuit by a pre- 
determined combination. 

A matched filter circuit as claimed in Claim 7, wherein said sampling and holding circuits are classified into groups 
each of which comprises: 

(I) the fourth addition portion to which an output of said first multiplexer is connected, outputs of said fourth 
addition portion of all of said groups being inputted to said second addition portion, said fourth addition portion 
comprising: 

(a) a plurality of fourth capacitances to each of which an output of said first multiplexer of each said sam- 
pling and holding circuit is connected; 

(b) the fourth inverted amplifying portion with odd number of serial MOS inverters, to which outputs of said 
fourth capacitances are commonly connected; and 

(c) the fourth feedback capacitance for connecting an output of said fourth inverted amplifying portion to 
its input, and 

(II) the fifth addition portion to which said second multiplexer is connected, outputs of said fifth addition portion 
of all of said groups being inputted to said first addition portion, said fifth addition portion comprising: 

(a) a plurality of fifth capacitances to each of which said output of said second multiplexer of each said 
sampling and holding circuit and said output of said first addition portion are inputted; 

(b) the fifth inverted amplifying portion with odd number of serial MOS inverters, to which outputs of said 
fifth capacitances are commonly connected; and 

(c) the fifth feectoack capacitance for connecting an output said fifth inverted amplifying portion to its input. 
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9. A matched filter circuit as claimed in claim 7, wherein said reference voltage is generated by a reference voltage 
generating circuit which comprises a sixth inverted amplifying portion with odd number of stages of MOS inverter, 
an output thereof being connected to its input. 

1 0. A matched fitter circuit as claimed in claim 7, said inverted amplifying portion further comprising a grounded capac- 
itance connected between said output and the ground and a pair of balancing resistances connecting an output of 
other MOS inverter than the last MOS inverter to a source and the ground. 

1 1 . A matched filter circuit as claimed in claim 9, wherein said reference voltage is settled to be 1/2 of a supply voltage 
of said MOS inverter. 

12. A matched filter circuit as claimed in claim 7, wherein said control circuit controls said alt sampling and holding cir- 
. curts so that status of said sampling and holding circuits circularly changed. 

1 3. A matched filter circuit as claimed in claim7, wherein said first multiplexer alternatively outputs said output of said 
first inverted amplifying portion or said reference voltage, and said second multiplexer alternatively outputs said 
output of said first inverted amplifying portion or said reference voltage by inverse selection of said first multiplexer. 

14. A matched fitter circuit as claimed in claim 7. wherein one of said first and second multiplexer outputs said output 
of said first inverted amplifying portion, or both of them output said reference voltage. 



9 



EP0772 305A2 



Fig. 1 



C L K" 



Fig. 2 



PA 



PJ 



S(t) 



PA 



CI 

IT 



|ACLK 

M i 



MF 



MS 



R(tL, 



PSG 



MSE 



-PHC 



FD 



CLK 



Dividing 
Circuit 



PSG 



MS 



CJ 



MSE 



* Convergence 



} Judgment 




Fig. 3 



131 132 FF31 
S(t)o |>>-{>0-J- 



FF33 



MCLK O 



D Q 



CLK 



SCLK o 



CLK 



D Q 



CLK 



D Q 



FF32 



H CLK 
FF34 



LG1 




LG2 



MSE 



MS 




PSG 



10 



EP 0772 305 A2 



Fig. 4 



S(t) 



SHI 



H 



VH 



L 



sm 



CTRL 



SH3 



ADD42 



SH4 



L VC 
H 



SH5 



SH6 



ADD43 



ADD41 










ADD45 



MF 



VH 



ADD44 



ADD46 



VL 



R(t) 



Fig. 5 



C52^ R51 



SHI 




II 12 ft? 13 

R52 



S3 o- 



Vr 



_MUX51 



MUX52 



" VH 
'VL 



11 



EP0772305A2 



Fig- 6 T6 
SI o— •-£»- 



Vin6 



T6 P 



DT6 



n [Qj o VoutG 

n T p.t 



Fig. 7 



S2 o— H>» 



Vin71» 



17 1 



££_T7 



Vin72 o- 



MUX51 
o Vout7 



Fig. 8 



C81 

Hh 



Vin81 



Vin82 o— 1|- 
C82 

Vin83 HH \^ 
C83 




ADD41 



Vout8 



R82 



CP8 



Fig. 9 



Vin91 



C91 

Hh 



Vin92 o— 1 1- 



C93 R91 



ADD45 



C92 \ rc 




Vout9 



CP9 



R92 



12 



EP0772 305A2 




14 



(19) 



J 



Europfllsches Patentamt 
European Patent Office 
Office europeen des brevets 



!i :ii in -ii j iiiii:; n, in 



(12) 



(H) EP 0 772 305 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

05.12.2001 Bulletin 2001/49 

(43) Date of publication A2: 

07.05.1997 Bulletin 1997/19 

(21) Application number 96117432.3 

(22) Date of filing: 30.10.1996 



(51) mt ci 7; H04B 1/707, H04L 7/033 



(84) Designated Contracting States: 


• Zhou, Changming c/o Yozan Inc. 


DE FR GB 


Setagaya-ku, Tokyo 155, (JP) 
• Yamamoto, Makoto c/o Yozan Inc. 


(30) Priority: 02.11.1995 JP 31002195 


Setagaya-ku, Tokyo 155 (JP) 
• Takatori, Sunao c/o Yozan Inc. 


(71) Applicants: 


Setagay-ku, Tokyo 155 (JP) 


• Yozan Inc. 


• Sawahashi, Mamoru 1-59-17 Tom lokanish I, 


Tokyo 155-0031 (JP) 


Yokohama-shl, Kanagawa 236, (JP) 


• NTT MOBILE COMMUNICATIONS NETWORK 


• Adachi, Fumlyuki 


INC. 


Yokohama-shl, Kanagawa 236 (JP) 


Minato-ku, Tokyo 105-8436 (JP) 


(74) Representative: Grunecker, Kinkeldey, 


(72) Inventors: 


Stockmalr & Schwanhfiusser AnwaltssozletBt 


• Shou, Guoliang c/o Yozan Inc. 


Maxlmillanstrasse 58 


Setagaya-ku, Tokyo 155, (JP) 


80538 Munchen (DE) 



(54) Matched fitter circuit 

(57) The present invention has an object to provide 
a matched fitter circuit which is possible to synchronize J 
a spreading code with an input signal. A matched filter 
according to the present invention samples input signal 



in response to three clocks from the first to the third shift- 
ed by a half cycle of a sampling signal so as to judge 
whether the sampling clock is ahead or behind of the 
input signal according to signs of input signal sampled. 
One clock is selected to be the sampling clock. 



Fig. 1 



S(t) 



CLK- 



|ACLK 
— N 



CO 

< 

in 
o 

CO 

CM 
h- 
h- 

o 

Q_ 
HI 



MF 



MS 



PSG 



MSE 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 772 305 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppOcatlon Numbor 

EP 96 11 7432 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cttstton of document wtth Indication, when appropriate, 
of relevant pa ssapM 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPLICATION pnLCLB) 



POVEY G J R ET AL: "SIMPLIFIED MATCHED 
FILTER RECEIVER DESIGNS FOR SPREAD 
SPECTRUM COMMUNICATIONS APPLICATIONS" 
ELECTRONICS AND COMMUNICATION ENGINEERING 
JOURNAL, INSTITUTION OF ELECTRICAL 
ENGINEERS, LONDON, GB, 
vol. 5, no. 2, 1 April 1993 (1993-04-01), 
pages 59-64, XP000363818 
ISSN: 0954-0695 

* page 59, left-hand column; figure 5 * 

* page 62, middle column, paragraph 4 * 

US 4 789 996 A (BUTCHER JAMES S) 
6 December 1988 (1938-12-06) 

* column 1, line 14 - line 20 * 

* column 1, line 41 - line 43 * 

* column 10, line 8 - line 9 * 

* column 10, line 13; figure 1 * 

* figure 4A * 

US 4 535 459 A (K0GGE JR CHARLES R) 
13 August 1985 (1985-08-13) 

* figure 3 * 

* figure 1 * 

US 5 034 967 A (COX WILLIAM M ET AL) 

23 July 1991 (1991-07-23) 

* column 1, line 15 - line 19; figure 5 * 

* column 1, line 47 - line 58 * 

US 4 151 485 A (LAFRATTA LAURENCE A) 

24 April 1979 (1979-04-24) 

* figure 1 * 

" -/-- 



1-6 



H04B1/707 
H04L7/033 



1-6 



1,5,6 
1-6 



2,4 



TECHNICAL RELDS 
SEARCHED (teHCI.6) 



H04B 
H04L 
G06G 
G11C 



The present search report has been drawn up far all claims 



piaosof 

MUNICH 



Do of oompMioct of th* Much 

16 October 2001 



Enmlne' 

Glglletto, M 



CATEGORY OF CITED DOCUME NTS 

X : particularly retovant If taken atone 

Y : particularly relevant If combktad wrth another 

document of the same category 
A : tecnnoloQlOBf background 
O : non-wrttten disclosure 
P : Intermediate document 



T : theory or pflncpto undsftytng the Invention 
E : earl er patent document, but published on, or 

after the ffiing date 
D : document cited In the application 
L '. document cited for other reasons 



& : member of the same patent family, correspond rig 
document 



2 



EP 0 772 305 A3 



Europem Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nurn bar 

EP 96 11 7432 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant pnreanyt 



Relevant 
to d&tm 



CLASSIFICATION OP THE 
APPLICATION (IntCLfl) 



PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 623 (E-1635), 
28 November 1994 (1994-11-28) 
-& JP 06 237148 A (TAKAYAMArKK), 
23 August 1994 (1994-08-23) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 614 (P-1830), 
22 November 1994 (1994-11-22) 
-& JP 06 231286 A (TAKAYAMArKK) , 
19 August 1994 (1994-08-19) 

* abstract * 



7-10 



7-10 



TECHNICAL FIELDS 
SEARCHED (lntCl.ft) 



The present search report has been drawn up for all claims 



Ptaoeof savch 

MUNICH 



Dal* of oomptoon c* Pie * 

16 October 2001 



Giglietto, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant ft taken alone 

V : particularly relevant H combined wtth another 

docLment of the same category 
A : toctnoioglcaJ background 
O : non-written dbebsure 
P : Irttormedlais document 



T : theory cr principle undertykig the inversion 
E : earlier patent document but published on, c 

after the ftSrtg data 
D : docu-nent dted in the application 
L : document dted tor other reason* 



A : member erf the same patent tamiiy, comeipqjnalng 
docurnsnt 



3 



EP 0 772 305 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 96 11 7432 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is in no way liable for these particulars which are merely given for the purpose of Information. 

16-10-2001 



Patent oocument 
cited In search report 



Publication 
date 



Patent family 
rnemberfs) 



Publication 
date 



US 4789996 



US 4535459 



US 5034967 



06-12-1988 EP 
NO 



0326007 A2 
890378 A 



13-08-1985 NONE 



23-07-1991 US 
AU 
U0 
AU 
W0 



5050189 A 
4849790 A 
9007238 Al 
4527589 A 
9006022 Al 



S 

c 

8 

9 

u For more detalb about this annex : see Official Journal of the European Patent Office, No. 12/82 



02-08-1989 
31-07-1989 



17-09-1991 
10-07-1990 
28-06-1990 
12-06-1990 
31-05-1990 



US 4151485 


A 


24-04-1979 


NONE 










JP 06237148 


A 


23-08-1994 


JP 


3074632 B2 


07- 


-08- 


■2000 


JP 06231286 


A 


19-08-1994 


JP 


2985999 B2 


06- 


-12- 


■1999 








US 


5465064 A 


07- 


-11- 


■1995 



4 



